Introduction
The South African abalone (Haliotis midae) is a marine gastropod that has a large geographic distribution from west coast (Saldahna) to east coast (Riet Point). Therefore, the environmental conditions that this species is exposed to varies, making this organism a good candidate to explore the genetics and gene expression changes, which allow it to persist in such a dynamic environment. Although 454 is appropriate for assembly, the millions of short reads produced by Illumina provides a good reference for de novo transcriptome characterization in terms of contig length, transcriptome coverage, and complete assembly of gene transcripts [6] . Recent work comparing technologies suggest that hybrid assemblies combining 454 and Illumina reads yield the highest quality transcriptomes [3] . The present study used and combined Illumina and 454 pyrosequencing data, previously published [2, 4] , to characterize genes from the abalone Haliotis midae. Using Illumina sequencing on H. midae, Franchini et al. [2] were able to create a large EST library with over 1.1 billion bases suitable for de novo transcriptome assembly and gene/annotation analysis. In the view of the short read length, Picone et al. [4] used 454 pyrosequencing (≈450bp read length) to help implement and recognize predicting genes that might have been missed by the Illumina sequencing study. This report compares the success of these two technologies in identifying or predicting genes which are important for adaptation across broad environmental changes and for stress response to micro geographic environmental fluctuations. Furthermore, a hybrid assembly was constructed by merging contigs from the 454 and Illumina data.
Experimental design, materials and methods

Sampling preparation and assembly
Sequence processing and transcriptome assembly were conducted as previously described by Franchini et al. [2] . To obtain a comprehensive transcriptome, mRNA from various tissues was sequenced using either Roche 454 pyrosequencing or Illumina SBS (sequencing-bysynthesis). The extraction protocol as described in Van der Merwe [5] was used for the 454 samples. A protocol for extraction adapted from Falcao et al. [1] was followed for the Illumina samples. Illumina sequencing was performed using four-color DNA SBS technology; 454 pyrosequencing was conducted on a full-plate of the 454 GS FLX platform (Roche). CLC Genomics Workbench (8.5) as used to perform the individual as well as the hybrid assemblies.
Raw reads, base pairs and assemblies
The results of the Illumina and 454 sequencing for the different abalone samples are shown in Table 1 . One of the goals of the present study was to perform a hybrid assembly to detect improvements over the individual assemblies. The hybrid assembly displayed the highest values across most standard metrics of transcriptome assembly (Table 1) , followed by the Illumina assembly. The distribution of the contig lengths was quite different between the 454-and Illumina datasets. The Illumina and hybrid assemblies generated many contigs that were long; in contrast, the 454 assembly tended to have short contigs (e.g., N50, longest contigs) and together with the hybrid assembly covered a large portion of the transcriptome. The absolute longest contigs were derived from the Illumina assembly (Table 1) .
Annotation, orthology and gene ontology
De novo assembled transcriptomes from non-model species rely on BLAST-based annotations to provide information about gene identity and function. BLAST matching of the transcripts files (both Illumina and 454) showed that almost all the top hits matched sequences from other distant taxa (data not shown). For the Illumina samples, 3841 out of 22,761 contigs were annotated by BLAST and 5969 matched known proteins (E-value threshold of 10 −3 ). The number of sequences annotated by BLAST for 454 samples was higher (20,275 out of 31,491) and a total of 11,675 contigs matched known proteins (E-value threshold of 10 −3 ). Overall, the 454 reads contributed an additional 5706 annotations over the Illumina assembly, whereas the Illumina data added 2128 gene annotations over the 454 transcriptome. In order to identify orthologs and remove any redundancy, contigs from both datasets were subject to a reciprocal BLAST against each other. It was found that over the complete dataset only 5281 did match with a total of 3995 contigs detected as known proteins. The program BLAST2GO was used to map the top BLASTx matches (E-value 10 − 6 ) and to assign gene ontology (GO) term annotations. Overall, there was little difference in the GO assignments for the three assemblies ( Table 2 ). In both systems, the distribution of the contigs in various functional classes of the GO database indicates broad gene diversity. 
